Seven cases of cutaneous hemangioma and nine of cutaneous hemangiosarcoma were diagnosed from biopsy specimens of 15 Domestic Shorthairs of 5,091 cats that were examined by necropsy or biopsy during the 5-year period from 1 January 1986 through 31 December 1990. All but three cats were male. Tumor cells of both hemangiomas and hemangiosarcomas were immunoreactive for factor VIII-related antigen and for vimentin by the avidin biotin peroxidase complex method. In cats with a median age of 10 years, hemangiomas occurred in skin with pigmented hair in six of seven cases without apparent site predilection. These solitary tumors did not recur after excision although one cat (No. 3) subsequently developed cutaneous hemangiosarcoma at another site. Seven of nine hemangiosarcomas occurred in dermis and subcutis of the head, usually on the pinna. All five hemangiosarcomas of the head, for which cutaneous pigmentation could be determined, occurred in unpigmented skin. Cats with hemangiosarcoma had a median age of 12.5 years at the time of diagnosis. Metastasis has not been documented, but hemangiosarcoma has recurred, from I month to 2 years after excision, in 6/7 cats that were studied.
Skin is a frequent site of neoplasia in the at,^,^^,^^,^^ and, although cutaneous vascular neoplasms are not common in this specie^,'^,^^ skin is the major site of hemangioma, hemangiosarcoma, and lymphang i~m a .~,~~,~~,~~ Abdominal or inguinal subcutis has been noted as a common location for hemangiosarcomaZ8 and lyrnphangi~ma.~~ (The latter also tends to occur in the subcutis of the f~r e l i m b .~~.~~) Other sites of predisposition have not been reported for feline cutaneous vascular tumors. Hemangiomas and hemangiosarcomas are reported to occur in cats with a mean age of approximately 10 years, without a breed or sex pred i l e c t i~n .~,~~ In a previous study in our laboratory,18 hemangiosarcoma accounted for only 6/340 feline skin tumors, but all six occurred on the head four of the six cats were male. Hemangioma accounted for an additional four tumors, three of which occurred in male cats. Tumors of lymphatic endothelium were not diagnosed during that 4 1 -month study.
Cutaneous vascular neoplasms in human beings26 and dogs' have been attributed to solar irradiation. Recognition of hemangiosarcoma at the tips of white ears, in samples submitted to our biopsy service, prompted a review of feline cutaneous vascular tumors to determine sites of predilection, predisposing factors, histogenesis, clinical behavior, and histologic criteria of prognostic value. Immunohistochemical studies were performed because feline vascular tumors have not been previously evaluated for the presence of factor VIII-related antigen or vimentin; furthermore, immunohistochemical examination for VIII-related antigen has been used to differentiate between cells of blood vascular and lymphatic origin in human vascular tumors.1o This paper reports the clinical, morphologic, and immunohistochemical features of seven hemangiomas and nine hemangiosarcomas in 15 cats.
Materials and Methods
The 15 cats used in this study were part of a 60-month diagnostic study of 5,091 cats, the total number of feline biopsy and necropsy accessions at the Veterinary Medical Diagnostic Laboratory from 1 January 1986 through 3 1 December 1990. Domestic Shorthair cats that had a mean age of 7.1 years and a ma1e:female ratio of 0.90 constituted 80.1% of the 5,091 cats, and the remainder of the group consisted of Siamese cats (7.4O/o), Himalayan cats (2.5%), Abyssinian cats (1.4%), and other breeds (< 1%). We reviewed all cases with a histopathologic diagnosis of cutaneous hemangioma or hemangiosarcoma; these tumors occurred only in Domestic Shorthair cats. The three hemangiosarcomas that occurred in noncutaneous sites were excluded from this study. Hemangiomas were not diagnosed from noncutaneous sites. All diagnoses of cutaneous hemangioma or hemangiosarcoma were made from biopsy specimens that had been fixed in 10% neutral buffered formalin, embedded in paraffin, sectioned, and stained with hematoxylin and eosin. Histologic slides were reviewed to confirm diagnoses, to evaluate hair shafts for melanin, and to compare histologic features with clinical behavior of the tumor. Paraffin blocks of hemangioma and hemangiosarcoma, available for all but one case (No. l), were sectioned, and sections were stained with Verhoeff s-van Gieson technique to demonstrate elastin fibers in the dermis.
Immunohistochemical staining for factor VIII-related antigen was performed on formalin-fixed paraffin-embedded tissues using an avidin biotin peroxidase complex method.12 All incubations were at room temperature. All antisera were diluted in 2% normal sheep serum in 0.05 M Tris-buffered saline (pH 7.6). Deparaffinized sections on positive-charged slides (Fisher Scientific, Pittsburgh, PA) were incubated 30 minutes in 0.5% H20, in methanol to inhibit endogenous peroxidases, then blocked with undiluted normal sheep serum for 10 minutes. A 1 : 60 dilution of rabbit polyclonal antiserum to human VIII-related antigen (Biogenex Laboratories, San Ramon, CA) was applied to the sections for 45 minutes. Biotinylated goat anti-rabbit immunoglobin G and avidin biotin peroxidase complex were applied according to manufacturer's specifications (Elite Kit, Vector Laboratories, Burlingame, CA). The immunologic reaction was demonstrated using 0.05% diaminobenzidine tetrahydrochloride in imidazole buffer (pH 7.1) that was stirred for 10 minutes. Sections were counterstained with Harris's hematoxylin. Negative and positive control sections were included in each run. Rabbit antisera to unrelated antigens were substituted for the primary antiserum with a serial section of each tumor that was used as a negative control. Immunohistochemical examinations for vimentin were performed with the same technique, except that the primary antiserum was a 1 :20 dilution of mouse monoclonal antisera to human vimentin (M725, Dako Corporation, Santa Barbara, CA).
Summaries of signalment, tumor site, and hair color at each affected site and the outcomes of the cases were based on data provided by referring veterinarians.
Results
Seven cases of cutaneous hemangioma and nine of cutaneous hemangiosarcoma were diagnosed in 15 Domestic Shorthair cats during the 5-year period of this study. All cases were treated solely by excision. Tumor cells were positive for factor VIII-related antigen and for vimentin in all seven hemangiomas and in the eight hemangiosarcomas examined. Antibody to VIII-related antigen selectively bound to neoplastic ( Fig. 1 ) and normal cutaneous vascular endothelium, whereas vimentin was identified in tumor cells as well as other mesenchymal components of the sections. 
Hemangioma
Data from the seven cats with cutaneous hemangioma are summarized in Table 1 . Age at diagnosis ranged from 7 to 14 years; mean, 10.8 years; median, 10 years. Six of the seven affected cats were male. Tumors occurred at various locations on the head, limbs, and trunk without apparent site predilection. All but one cat (No. 14) had pigmented hair at the site ofthe tumor. All but one cat (No. 3) was from Missouri.
Histologically, each hemangioma occurred in both dermis and subcutis and consisted of capillary to cavernous spaces filled with blood and lined by a single layer of slightly atypical endothelial cells with no mitoses in most fields (Fig. 2) . Stroma was scanty. Thrombosis and hemorrhage occurred in some cases. Dermal elastosis was not apparent.
All tumors were solitary. In five cats for which information was available, recurrence was not detected during the study; however, one cat (No. 3) was euthanatized 38 months after excision of a hemangioma because of development of cutaneous hemangiosarcoma at a separate site. Currently, the remaining four cats (Nos. 6, 12, 14, 15) are alive, 9 to 38 months after excision of hemangioma.
Hemangiosarcoma
Data from the nine cats with cutaneous hemangiosarcoma are summarized in Table 2 . Age at diagnosis ranged from 9 to 17 years; mean and median, 12.5 years. Seven of the nine affected cats were male. In four cats, hemangiosarcoma involved the edge or tip of a pinna; all four of these cats had white ears. Three cases occurred elsewhere on the head; one of these cats had white hair at the tumor site; hair color was not determined in the other two cats. Only two cutaneous hemangiosarcomas occurred in sites other than the head. One affected cat was a tabby; hair color was unknown in the other. In all, of six cats in which pigmentation could be determined, five had white (or unpigmented) hair at the tumor site.
All but three cats were from Missouri. A tabby cat with hemangioma and hemangiosarcoma (No. 3) and a cat with hemangiosarcoma in the white-haired skin of its lip (No. 10) both came from Florida. The third cat, with hemangiosarcoma in the inguinal subcutis (No. 1 l), was from Michigan.
Each of the seven hemangiosarcomas on the head occurred in the dermis and extended into the subcutis. Two cats (Nos. 3, 1 1) had hemangiosarcomas confined to the subcutis of the hip and inguinal region, respectively. No tumor was confined to the dermis. Hemangiosarcomas were distinguished from hemangiomas by their solid spindle cell proliferation (Fig.  3) . The neoplastic endothelial cells were pleomorphic with variation in nuclear diameter, chromatin pattern, and mitotic index. Hemorrhage and lymphocytic infiltration were inconsistent findings. In one case (No. 8), neoplastic endothelial cells occurred on the intimal surface of a medium-sized muscular artery in the dermis. Of five cases in which the tumor involved the superficial dermis, four had locally increased density of dermal elastin fibers; three had epidermal acanthosis, ulceration, and hemorrhage.
All but one cutaneous hemangiosarcoma was solitary. Cat No. 13 had a hemangiosarcoma of the tip of each ear. Data on the outcome were available for eight of the nine cases. One cat (No. 3) was euthanatized at the time of biopsy. Cat No. 10 has had no recurrence of hemangiosarcoma to date (25 months after excision) but has developed a squamous cell carcinoma of the planum nasale. It was treated by excision and has not recurred. In the remaining six cats (Nos. 5, 7-9, 11, 13), the tumor recurred, sometimes repeatedly, within 1 month to 2 years (mean, 8.6 months) after excision. Four of these cats were euthanatized 2 to 17 months (mean, 6.7 months) after diagnosis. None was necropsied. The other two cats (Nos. 5, 13) have locally recurring hemangiosarcoma. A correlation between histologic appearance, site, involvement of dermis or subcutis, signalment, or other features and biologic behavior of the tumor (tumor-free interval after excision) was not detected.
Discussion
Cutaneous vascular tumors are generally considered rare in cats.'7,28,29 In a necropsy study of 18 feline he-mangiosarc~mas,~~ none occurred in the skin or subcutis. Of 3 1 surgical cases of feline hemangiosarcoma,28 13 occurred in the subcutis. The inguinal subcutis was the most common site; only two tumors occurred on the head (lip and pinna). Six of ten subcutaneous hemangiosarcomas recurred, but metastasis was not documented. Hair color was not reported. In another study, skin was the most common site of hemangiosarcoma (25/56 turn or^).^ Seventy-five percent of the cases occurred in Domestic Shorthair cats; sex predilection was not apparent; tumors occurred on the head, axillary and inguinal areas, flanks, and limbs without obvious site preference. In that study, the tumor recurred within a year after excision in all 12 cats that were followed at least 1 year; one cat had pulmonary metastasis and one developed multiple cutaneous Of eight hemangiomas in that population, seven occurred in the skin. Sex and site predilection were not a~p a r e n t .~ In our population, cutaneous vascular tumors were also rare neoplasms of cats older than the mean. That all cases were Domestic Shorthair cats is not surprising given that this breed comprises 80.1% of our population; however, our data indicate that both hemangioma and hemangiosarcoma occur more commonly in male than in female cats.
Hemangioma was an apparently benign solitary tumor without site predilection, although it occurred mainly in cats with pigmented coats. Our cases of hemangiosarcoma differed from hemangiomas and from hemangiosarcomas of previous surveys in that they occurred mainly in white-haired sites, particularly on the pinna or elsewhere on the head; only one case occurred in the inguinal area. As in previously reported cases, this tumor frequently recurred, sometimes repeatedly. Metastasis could not be documented.
Cutaneous hemangiomas in human beings36 and horses9J3 are often congenital lesions, but this has not been the case in cat^.^.*^ In dogs, the cause of cutaneous hemangioma is unknown in most instances; however, some occur in unpigmented, sparsely haired, sun-exposed skin and have been attributed to solar irradiation.' In our cats, hemangiomas tended to occur in areas with a full, pigmented coat and thus are not likely to have been induced by sunlight.
Angiosarcoma of the face and scalp is the most common form of human cutaneous angiosarcoma and in the elderly is recognized as a distinct clinical entity37 that occurs predominantly in white human beings, particularly males."J4 This tumor most commonly affects the forehead and scalp; less commonly, the central part of the face and, rarely, the mandibular area are affected.II It is locally invasive, frequently recurs, and readily metastasizes either to cervical lymph nodes or hematogenously to lungs or other ~r g a n s .~,~J~ Fifty percent of patients die within 15 months of diagnosis;" mortality eventually approaches 90Y0.~ Histologic appearance does not correlate well with biologic behavior, although infiltration of the tumor by lymphocytes may warrant a better prognosis." Tumor size seems to be the only criterion of reliable prognostic value, which underscores the importance of early diagnosis.
Hemangiosarcomas in our cats resemble human angiosarcomas of the face and scalp in that they occur mainly in unpigmented sites on the head in older males and tend to recur after excision. As with the human tumor, correlation between histologic appearance and tumor behavior was not evident. We lacked sufficient data regarding tumor size to evaluate its merit as a prognostic indicator. Although metastasis has been documented in one feline cutaneous hemangiosarcoma,3 most affected cats have been euthanatized because of recurrence and have not been examined at necropsy. Thus, frequency of metastasis and mortality have not been determined; however, in our study, cats that were not euthanatized have remained clinically healthy except for local recurrence of the tumor.
The histogenesis of human cutaneous angiosarcoma is disputed. Most investigators favor the concept of a lymphatic endothelial origin because of histologic resemblance of the tumor to angiosarcomas that arise from chronic lymphedema' and because the results of cell marker studies are more consistent with lymphatic derivation. The endothelial nature of the tumor is confirmed by consistent labeling with the lectin Ulex europaeus agglutinin I and by the monoclonal antibody EN4, both of which bind to human lymphatic and blood vascular endothelium.IO Tumor cells are typically negative for factor VIII-related antigen (VIII:RAg), which is present in blood vessel endothelium but generally lacking in human lymphatic endothelium.IO Similarly, the monoclonal antibody PAL-E, considered specific for blood vessel endothelium, does not bind human cutaneous angiosarcomas.'o On the other hand, tumor cells are positive for laminin, which is usually found around blood vascular, but not lymphatic capillaries; furthermore, ultrastructural features characteristic of differentiated blood vessels, such as Weibel-Palade bodies and tight junctions, were found in some angiosarcomas.'O Thus, although the endothelial nature of the tumor is unquestioned, most immunohistochemical studies suggest a lymphatic origin, whereas ultrastructural studies imply derivation from blood vessels. Unfortunately, markers specific for lymphatic endothelium are not available.
Recently, vascular neoplasms in nonhuman species have been characterized immunohistochemically, but negligible information is available on feline tumors. Retrospective studies are hampered by the unsuitability of some markers for use with formalin-fixed, paraffin-embedded specimens.IO Tumor cells in canine hemangiosarcomas contain vimentin, but not other intermediate filaments, 19 and VII1:RAg has been identified in endothelial cells of normal canine blood vessels as well as in cutaneous hemangiomas and hemangiosarcomas.' The lectin Ulex europaeus agglutinin I, used as an endothelial marker in human tissues, does not bind to normal endothelial cells of most other species, although it did bind neoplastic endothelium in some canine hemangiosarcomas. Identification of VIII: RAg in canine hemangiomas and hemangiosarcomas implies derivation from blood vascular endothelium, yet canine lymphatic endothelium in cryostat sections of lymph node also reacts, albeit weakly, for VIII:RAg.2L
Tumor cells of conjunctival hemangiosarcomas in horses have been positive for VIII:RAg, which was generally absent in endothelial cells of the sinuses of lymph nodes or lymphatics although weak staining occurred in fresh frozen lymph node.20 Tumor cells of hemangiomas and hemangiosarcomas in our cats were positive for V1II:RAg. This and the presence of bloodfilled vascular spaces indicate derivation of the tumors from blood vascular endothelium. The specificity of VII1:RAg immunohistochemical results is of diagnostic value in cases with ill-defined vascular channels. Identification of vimentin in the tumor cells of feline hemangiomas and hemangiosarcomas is consistent with their mesenchymal origin, but is of less diagnostic assistance as this intermediate filament also occurs in other mesenchymal cells.
The pathogenesis of angiosarcoma is controversial. Chronic actinic damage would explain the predilection for the upper part of the face and the apparent predisposition of elderly white human beings, yet does not explain the frequent occurrence of these tumors in the fully haired ~c a l p .~~J~ Both hemangiomas and hemangiosarcomas have been associated with solar elastosis in lightly pigmented or unpigmented glabrous skin of the ventrum in dogs.7 Female dogs were affected more commonly than male dogs, and Whippets had a higher incidence than other breeds.' Vascular tumors of the conjunctiva in dogs (hemangiomas and hemangiosarcomas)8 and horses (hemangiosarcomas)6-20 also have been attributed to chronic solar irradiation of an unpigmented, hairless site. Although the authors did not speculate on pathogenesis, conjunctival hemangioma has been described in an albino A relationship between chronic actinic dermatosis and squamous cell carcinoma has long been recognized in catsY3 and it is interesting that cutaneous hemangiosarcoma in our cats shared sites of predilection with this solar-associated tumor and, like squamous carcinoma, usually occurred in white-haired skin. In addition, one of our cats developed squamous cell carcinoma of the planum nasale subsequent to a hemangiosarcoma of the lip. The presence of dermal elastosis adjacent to some tumors in our cats further substantiates the existence of actinic dermatosis, but does not prove a causal role in tumor pathogenesis and does not explain increased incidence in male cats.
The tip or edge of the pinna is a common site for feline squamous cell carcinoma.I8 Four rhabdomyomas of the pinna were reported in four adult female cats with white ears. 27 The author noted the similarity in site and overlying hair color of these tumors and therefore feline squamous cell carcinoma. The cause for the rhabdomyomas was not determined. Trauma has been proposed as another cause of cutaneous an-giosarcoma because some human tumors arise in traumatized sites, but this theory does not explain all cases.I4 Certainly, the pinna is a site of trauma in cats, and perhaps particularly so in male cats, but ascribing the pathogenesis of hemangiosarcoma solely to trauma does not explain its frequency in unpigmented areas. Alternatively, trauma and solar irradiation could play synergistic roles in the induction of cutaneous hemangiosarcoma. Environmental factors such as heat, wind, and humidity augment ultraviolet-induced carcinogenesis perhaps by induction of epidermal hyperpla-~i a .~~ Physical trauma, such as from cat bites or scratches, would be expected to increase epidermal cell turnover and could increase risk for solar-induced neoplasia. This would explain both the predilection for males and white ears.
Neither ofthese factors was evident in previous studies of feline cutaneous hemangiosarcoma from Boston3 and New York City. 28 The cause for this apparent difference from our study is not readily apparent. Missouri, latitude of 36" to 40"35' north, is closer to the equator, has a higher elevation (mean, 244 m), and higher humidity than the sites of other studies, but mean daily temperatures, average percentage of possible sunshine, and average wind speeds are similar.32 Serologic status for feline immunodeficiency virus (which might explain male prevalence) was not known in our cats, nor has it been reported in other studies of cutaneous vascular neoplasia.
Human hepatic hemangiosarcoma has been linked to hepatic cirrhosis16 and chemical exposure, particularly to vinyl ~hloride,~' arsenic,25 and thorium dioxide;15 however, these are not considered causes for cutaneous angiosarcomas. X-irradiation is considered the cause of some cutaneous angiosarcomas in human beings as these tumors have arisen in radiation therapy sites." There was no history of chemical exposure or X-irradiation in our cats.
Human cutaneous angiosarcoma does not respond well to chemotherapy and is relatively radioresistant, so wide excision is the major treatment. Circumferential preoperative biopsies to determine the extent of the neoplasm facilitate complete surgical excision. Postoperative radiation is recommended for all patients.2J1 Treatment modalities other than excision were not investigated in our cases of feline hemangiosarcoma. Only one of our cats has remained free of recurrence (at 25 months). Human cases are known to recur years after excision, l4 and hemangiosarcomas reappeared in our cats as late as 2 years after excision.
In summary, cutaneous vascular tumors were rare in cats and tended to occur in older males. No site of predilection or predisposing factors were identified for hemangiomas, but the frequent occurrence of heman-giosarcomas in white-haired sites on the head implies an association with chronic solar irradiation.
Histologic appearance and the presence of V1II:RAg in both hemangiomas and hemangiosarcomas suggest that the tumor cells are derived from blood vascular endothelium.
Hemangiomas were apparently cured by excision. In contrast to this, most hemangiosarcomas recurred. Histologic examination was not helpful in predicting clinical outcome of hemangiosarcomas. Based on experience with human angiosarcoma, tumor diameter should be correlated with clinical behavior to determine its usefulness as a prognostic indicator. More necropsy data on cats with cutaneous hemangiosarcoma are needed to determine its metastatic potential.
